Polypyrrole (PPy) layers were deposited on lead metallic surface using hydrogen peroxide or benzoyl peroxide as oxidizing agent associated with different types of dopants: phosphoric acid, stearic acid and dodecylbenzene sulfonic acid. Lead alloy was chosen because of its importance in energy industrial application and also because its primary source of extraction is running out, there is an increasingly urgent need to extend its life cycle. For the in situ chemical deposition of PPy, it was considered the combination of only one oxidizing agent and one dopant, being the experiment performed with the combination of these reagents. The morphology and corrosion protection effectiveness of the PPy layer was studied by Scanning Electron Microscope (SEM), Open Circuit Potential (OCP) and Potentiodynamic Polarization. The experimental results demonstrate that PPy layer was effectively formed as a coating layer and Hydrogen Peroxide performed better and consistent protection efficiency when compared to Benzoyl Peroxide.
Introduction
Lead and its alloys have been widely used in many types of industries, from cable sheaths to radiation shielding and it is still a major raw material in the automotive battery industry. However, the use of lead for these applications has now been taken over by other less toxic and cheaper alternatives (Yang et al., 2017) . The industrial use of lead metal and its alloys inspires caution as lead is a cumulative toxic substance that affects many body systems and is particularly harmful to young children (Pearson & Schonfeld, 2003) . The primary mineral source of lead should be depleted within the next 100 years (Casas & Sordo, 2006) and the proportion of lead produced from secondary sources (i.e. scrap metal), which represents about 60% of total worldwide production, is also higher in the more industrialized countries. Western Europe produces 60% of its lead from secondary sources, while the US owns about 70% from secondary sources, of which 94% comes from waste lead acid batteries (Thornton et al., 2001) . The development of the automotive industry drives the rapid cycle of consumption and disposal of these batteries, which requires high market demand for the finished product and consequent sources of raw materials generating an ever-increasing spiral of demand and production (Recycling Economy, 2017; Xiao, 2012) . Secondary production requires much less energy than producing lead from ore, primary production 7,000-20,000 MJ/t lead, secondary production 5,000-10,000 MJ/t lead (Thornton et al., 2001) .
Lead alloy oxidizes very easily even when in contact with thin air and the lead dioxide (PbO 2 ) generated from this oxidation is a substance that holds tendency to receive electrons. Metallic lead (Pb 0 ), on the other hand, has a great tendency to donate electrons. Therefore, when both are in contact there will be the transfer of electrons from lead to lead dioxide (Diniz, 2004) . The reactions that happen in the corrosive process of the metallic substrate being the reactions in the cathode (1) and anode (2):
The corrosive process acts as an energy generator, since there is a decomposition of the metallic substrate by electrochemical or chemical reaction, usually in aqueous environment, where the factors that interfere in the kinetics of the corrosion reaction are, among others, temperature, concentration of electrolyte, the type of metallic substrate used and the overall operating conditions of the process (Sousa, Lima, & Vilar, 2016) . The corrosion protection of metals and alloys by using conducting polymer coating has been emerged as a feasible alternative and have revolutionized material science as they can be used in single parts or deposited in finely homogeneous layers, assuming the required shape regardless of geometry, easy and generate gain without increasing the efficiency of the electric current. Polypyrrole (PPy) is non-toxic, have high electron conductivity, anti-corrosive property, good adhesion to the grid surface making it suitable for the present application (Gurunathan et al., 1999; Holze & Wu, 2014; Garcia & Smit, 2006) . Intrinsically conductive polymers have been widely applied in corrosion protection due to their high protection effectiveness, relatively low cost and their low impact on the environment (Lei, 2014) . The conductivity that is inherent in a conductive polymer is due to the doping process that can occur during its synthesis, which is accompanied by the incorporation of anions present in the electrolyte used (Tallman De et al., 2002) . Conductive polymers are materials that have electrochemical activity and their use is possible in a wide range of applications, such as sensors, energy accumulators, electrodes, etc (Ameer & Adeloju, 2005) . Many studies have shown that PPy films can also be used to protect oxidizable metals against corrosion (Tallman De et al., 2002) . PPy has high stability, it is easy to polymerize by chemical or electrochemical process and it can be synthesized in aqueous medium containing various electrolytes, which can be incorporated into the polymer chain and modify the conductive properties of the film (Tallman De et al., 2002) . It is known that there are ways to improve the effectiveness of protecting polypyrrole coatings. One is the use of dopant at the time of polypyrrole synthesis with different anions, especially those that are bulky, have long carbon chains and result in deposited layers with superior anti-corrosion performance compared to those doped with less bulky substances. Larger anions will be trapped within the polymer molecule, making it difficult to exchange with aggressive chloride ions from the corrosive medium (electrolytes). Conductive polymers may also act as a reservoir of inhibiting anions. (Eslami et al., 2019) Regarding the state of the art of the theme addressed in this study, it is observed that references on "Chemical and electrochemical deposition of polypyrrol on lead alloy surface" are scarce (Eftekhari & Ahmadi, 2006) . Regarding deposition on metallic substrates such as magnesium, copper, aluminum, zinc, stainless steel, there is a good database previously published (Menkuer & Ozkazank, 2019; Vera et al., 2014; Sheng et al., 2014; Mortazavi et al., 2019; Samad et al., 2019; Sharifirad et al., 2010; Annibaldi, Rooney, & Breslin, 2012; Ferreira, Liu, & Cho, 2018; Souza, Liu, & Cho, 2018; Liu, Bezerra, & Cho, 2017) .
In this paper, we studied the influence of the oxidizing agent and its influence among the PPy chemical deposition process on lead alloy surface. Chemical deposition of the PPy polymer was performed in situ on the metallic substrate using a one-step process that is relatively controllable from the combination of oxidizing and doping agents' solutions. PPy layer formed morphology was analyzed by the Scanning Electron Microscopy (SEM). The effective performance of the deposited layers was evaluated using the electrochemical analysis open circuit potential (OCP) and Potentiodynamic Polarization.
Experimental
The lead alloy samples (Weight%: Pb=84.73%, O=6.45%, Sn=3.69%, Bi=2.10%, Ir=1.76%, Zn=1.27%) were disc-cut with 2.0 cm diameter surfaces, sanded with 220, 400, 600, 800 and 1200 grit size sandpaper. The last step of the mechanical treatment of the samples was to use alumina felt. The samples were then rinsed with distilled water and dried completely before each chemical deposition.
Chemical depositions on sample surfaces were performed using the in situ deposition technique and the reactions occurred at controlled temperature (40ºC) with Pyrrole monomer (C 4 H 5 N, Aldrich). Each sample was prepared with a combination of one oxidizing agent and one dopant, following the After mechanical treatment with the grit sandpaper, the samples were submerged in ethanol and water (7:3, respectively), oxidizing agent and doping solution for 15min. Afterwards, the discs were submerged in another prepared solution containing ethanol, water (7:3) and 0.2 mol.L -1 of the pyrrole monomer and rested for 60 minutes. After this time, the remaining hydrogen peroxide was transferred to the solution containing pyrrole with the lead alloy disk. The reaction was under controlled heating at 40ºC for 72 hours to ensure complete coverage of the conductive polymer on the metal sample. After this time, the samples were carefully removed from the reaction medium and submerged in distilled water 3 times, rinsed and dried under vacuum. The roughness of the metal discs after the in situ chemical deposition of the polypyrrole was determined by the INSIZE model ISR-16 portable digital roughness meter.
Electrochemical analysis was performed using a Potentiostat / Galvanostat (Model MQPG-01 Microquimica) in a one-compartment cell containing three electrodes being performed at 25°C. The working electrodes were embedded with Teflon ® , lead with 0.53 cm 2 disk-exposed area. The reference electrode was a saturated Ag/AgCl electrode and the auxiliary electrode was a 5cm long platinum stick. The protection against corrosion of lead alloy samples covered by PPy films was investigated by potentiodynamic polarization curves in 0.1mol.L -1 NaCl Solution (pH = 6), which was neither stirred nor opened to the atmosphere and maintained at room temperature of 25°C. Analyzes were performed by varying the electrode potential at 1.0mV/s from -1.0V to +1.0V and reversing the potential to -1.0V. The potential and density of the corrosion current were obtained using the Tafel Curve.
The morphology of surfaces coated with the Polypyrrole films was analyzed using a Zeiss Scanning Electron Microscope (SEM) EVO 10-07-47, Secondary Electron model (SE). The micrographs were obtained using a 20keV electron beam.
Results and Discussion

Chemical Deposition of Polypyrrole (PPy) on Lead Alloy
From the results of PPy chemical deposition, a consistent, adherent and homogeneous PPy coating layer was obtained directly on the polished surface of each sample, using the 0.2 mol.L -1 pyrrole monomer and the combination of each oxidizing agent with only one dopant. The activation of the metal substrate with the oxidizing agent favors the nucleation of PPy on the surface of the lead alloy, forming the polymer layer. Figure 1 shows the SEM micrographs of the lead alloy surfaces coated with PPy layers, using hydrogen peroxide as oxidant and the dopants phosphoric acid, DBSA and Stearic acid. For the other group was used benzoyl peroxide as oxidant agent and the same dopants phosphoric acid, DBSA and Stearic acid. Figure 1 shows the SEM micrographs of the lead alloy not coated but polished according chemical deposition procedure (Figure 1a and 1b) . It is clear that even after careful polishing, the metallic substrate has deep grooves, which is believed to be the site of conductive polymer nucleation. Following are the micrographs of the lead alloy discs covered with the PPy layer chemically deposited with two different oxidizing agents. The morphology of phosphoric acid-doped lead alloy labels, Figure 1c and Figure 1d , exhibits a structure similar to microspherical cauliflower and a more compact, more adherent and homogeneous polymer layer displayed under the threedimensional cauliflower structure (within circle). This cauliflower structure is related to the intercalation of the disordered polymer chain (Bazzaoui et al., 2002) . For samples that had deposition with DBSA as dopant, the morphology shows the presence of microspheres, being more discrete in the sample with hydrogen peroxide oxidizing agent (Figure 1e ). The density of the displayed microspheres was much more consistent in the sample (Figure 1f ) that had benzoyl peroxide as oxidizing agent, which resulted in a more porous and less homogeneous polymer layer. For samples in the presence of stearic acid (Figure 1g ), the morphology shows the presence of scales, slightly smaller, slightly denser and the presence of pores (within circle) is clear when the hydrogen peroxide oxidant agent was used. The size of the scales is considerably larger and they are overlapping in layers reducing the clear presence of pores (circle) in the sample (Figure 1h ) when the benzoyl peroxide was the oxidizing agent. The micrographs also showed that the PPy layers deposited with hydrogen peroxide oxidizing agent presented smaller voids between the grains and were more homogeneous than those that had benzoyl peroxide as oxidizing agent. The morphological differences between each layer deposited with different oxidizing agent can be explained by the oxidation that results in the formation of pores and defects along the PPy chain (Naoi et al., 2000) . Each sample that underwent the PPy chemical deposition process had roughness analysis as an important parameter in determining how the formed layer surface will interact with its environment (Bandeira, Drunen, Garcia, & Tremiliosi-Filho, 2017) . The results are in Table 2 . The roughness analysis indicates that the samples treated with both types of oxidizing agent showed different behaviors in the layer formation. For the inorganic dopant (H 3 PO 4 ), the roughness of the layer formed is technically the same, with little difference between the two oxidizing agents, which is shown at the SEM micrography ( Figure  1c and 1d) . The difference when benzoyl peroxide was used as oxidizing agent with DBSA dopant, show a 70% rougher layer than that when hydrogen peroxide was used (Figure 1e and 1f ). For stearic acid, the oxidizing agent that impacted the thickness of the formed layer was hydrogen peroxide, which formed 8.6 times rougher layer than with benzoyl peroxide oxidizer, which is consistent with micrograph showing a porous structure with layers of overlapping scales (Figure 1g and 1h) . Figures 2 and 3 show the potential versus time curves obtained for the PPy layers of aqueous solutions using hydrogen peroxide ( Figure 2 ) and benzoyl peroxide (Figure 3) . The potential of phosphoric acid ranged from -0.35 to -0.39V (Figure 2a ) and -0.12 to -0.18V (Figure 3a) , presenting a stable behavior in both oxidizing agents. DBSA showed a stable behavior when the oxidizing agent was hydrogen peroxide and remained at a potential around -0.40V (Figure 2b ). In the presence of benzoyl peroxide, the initial potential is around -0.02V and drops drastically, oscillating to the end with potential of -0.38V, which is probably due to corrosive processes (Figure 3b ). Stearic acid maintained a very stable behavior in the depositions with different oxidizing agents and the potential dropped from -0.07V (Figure 2c ) with hydrogen peroxide to -0.45V (Figure 3c ) with benzoyl peroxide. Once the lead alloy samples were coated with PPy, they were washed in deionized water and then dipped in 0.1 mol.L -1 NaCl corrosive test solution. Lead has relative resistance in HCl, H 2 SO 4 and other acids medium, suffers corrosion in HNO 3 and basic medium. Since the interest of this study is to evaluate the behavior of exposed lead in the environment, it was decided to use the medium containing chloride ions.
Open Circuit Potential (OCP)
Its potential under open circuit was followed over time relative to the Ag/AgCl reference electrode.
Comparing Figure 2 with Figure 3 , the OCP curves showed that the oxidizing agent directly influences the electrochemical response of the formed polymer. The curves have relative chemical stability and generally the most positive displaced potential has an electrochemical system that has a slower corrosive process. It is noteworthy that the results generated by the OCP curves are indicative as to the behavior of the metal in corrosive medium, therefore not being determinant.
Potentiodynamic Polarization Plots
-4,5 -4,0 -3,5 -3,0 -2,5 -2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0 -2,0 As shown in the curves, the corrosion potential for coated lead alloy with different dopants has shifted to more positive potentials, than the uncoated lead alloy surfaces, except for curve Figure 4b when the oxidizing agent was hydrogen peroxide.
From the measured corrosion current density, j corr values, the protection efficiency was calculated from the following equation (Yeh et al., 2008) :
j corr and j corrPPy are the corrosion current density values (Table 3) in the absence and presence of the PPy coating with its respective dopants and different oxidizing agents. Extrapolations of the potentiodynamic polarization curves were used to obtain the corrosion current densities (j corr ) and thus calculate the corrosion rate. These measurements show that a substantial reduction in j corr occurs for the PPy coated lead. Corrosion protection was significantly more effective when hydrogen peroxide was used as oxidizing agent than benzoyl peroxide, particularly when combined with DBSA. However, it is more effective when benzoyl peroxide was used as oxidizing agent than hydrogen peroxide, particularly when combined with H 3 PO 4 . The effectiveness of corrosion protection of a metallic substrate by an organic inhibitor depends on several factors such as: physicochemical characteristics of the metal substrate, chemical composition of the corrosive medium, chemical structure of the inhibitor (inhibitors containing heteroatoms, triple bonds and aromatic rings) present a higher adsorbent / adsorbate interaction force (Holzle et al., 2005) . The presence of organic inhibitors in the reaction medium helps protect against corrosion. Organic inhibitors are molecules that adsorb on the metal surface, reducing the rate of oxidation (anodic inhibitor) or slowing down the reduction reactions (cathodic inhibitor). In comparison, the studies carried out for corrosion protection of aluminum surfaces, it has been observed that surfactants, organic acids and azole derivatives are examples of organic inhibitors (Maayta & Rawashdeh, 2004; Holzle et al., 2005; Branzoi, Golgovici, & Branzoi, 2002; Salghi et al., 2000) .
Dopant plays a key role in chemical deposition on metallic surfaces of the conductive polymer PPy. The mechanisms of the deposition process on the surface of the lead alloy consider the formation of a structure containing lead/formed lead oxide/ PPy, and the dopant can influence the formation of pores in the lead oxide layer, which can act as nucleation sites for polymeric film growth. In this study, the dopants used can act as chelating agents forming complexes with lead ions, which can be adsorbed at the oxide / solution interface (Motekaitis & Martell, 1984) . Adsorption of the oxide layer may create some difficulty for lead oxidation without inhibiting pyrrole monomer oxidation. However, adsorption of the dopant into the oxide layer may lead to the formation of a very compact layer, thus hindering the pyrrole monomer oxidation reaction, preventing the polymeric layer deposition process. The dope counter-ion, besides influencing the type of lead oxide layer (barrier or porous), is indispensable to balance the charge of the conducting polymers. Both the structure and concentration of the doping ions directly affect the conductivity, morphology and stability of the deposited PPy layers. Dopant concentration and charge density can directly influence ion-ion, chain-chain, ion-chain electrical interactions, thus changing the conductivity of the deposited polymer (Mohammad, 1999) . The structure of the dopant may rather affect the solubility of the formed conducting polymer (PPy). Surfactant anions, such as dodecyl benzenesulfonic acid (DBSA), in the polymerization process are incorporated into the polymeric chain where the surfactant diffuses into the spaces between the chains reducing the state of polymer aggregation, favoring the solubility of PPy in organic solvents. Thus, the size of the carbon chain of the dopant influences the conductivity of PPy films and polymerization yield, which decreases with increasing [monomer] / [oxidant] ratio (Song et al., 2004) .
Conclusion
Pyrrole was successfully polymerized on the lead surface in an alcoholic solution having as oxidizing agent both hydrogen peroxide and benzoyl peroxide combined with each of the proposed dopants (phosphoric acid, DBSA and stearic acid) for the purpose of generate an adherent, homogeneous and effectively corrosion-resistant polypyrrole coating. Early activation of the lead alloy with the oxidizing agent is necessary and allows PPy nucleation to occur in situ favoring the formation of the polymer layer. The presence of metal oxide as a passivation layer influences the deposition of the conductive polymer. The structure of the dopant, the size of the carbonic chain of the dopant is determinant in the process of nucleation and formation of the PPy layer and directly influences the conductivity of the formed layer. These polymeric layers associated with dopants show evidence of corrosion protection. However further studies should be done to understand the metal/metal oxide/PPy+dopant interface.
